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a  b  s  t r  a  c  t
Urban  trees  provide  numerous  ecosystem  goods  and  services  by  providing  shade,  habitat  for  wildlife,
removal  of  air pollutants  and  the  removal  and  storage  of  atmospheric  CO2. Carbon  removal  services
provided  by  Canadian  urban  trees  have  previously  been  assessed  using  an  IPCC 2006  guidelines  approach
based  on  the  percentage  of  urban  area  covered  by  tree  canopy  (UTC)  for the 2012  time  period  (Pasher
et  al.,  2014).  That  work  however  provided  only  a single  point  in  time  assessment  of  the  national  scale  UTC
and  carbon  removal  services.  The  research  undertaken  for this  study  was  a continuation  of  this  earlier
work  focusing  on  a 1990  national  scale  UTC  assessment  and  carbon  sequestration  estimates  for  1990.
UTC  estimates  for 1990  were  developed  using  a point  sampling  approach  with  circa  1990  air  photos
covering  a large  portion  of Canadian  urban  areas.  In  total  almost  179,000  points  were  sampled  for  the
1990  time  period,  reassessing  83%  of  the  points  used  for  the previous  2012  assessment.  Based  on  the
urban  area  boundary  layers  for  1991  and  2011, Canada’s  urban  areas  grew  by an  estimated  6% for  this
time period.  Most  of  this  growth  occurred  through  conversion  of  agricultural  and  forested  lands  to urban.
At the  national  scale  the UTC  for  1990  was  estimated  to be 27.6%,  as  compared  to the  2012  UTC  estimate
of  26.1%, the  difference  between  estimates  for the  two  time  periods  fell  within  the  uncertainty  range.
Carbon  removal  estimates  based  on  the UTC  estimates  were  also  very  similar  for  the  two  dates  with  660.2
kt  C  removed  in  1990  and  662.8  kt  C  removed  in  2012.  It was  noted  that  urban development  in  the  Prairie
regions  resulted  in  an  increase  in tree  cover  as  compared  to the  pre-conversion  agricultural  and  natural
landscapes  and  also  that  in  most  urban  areas  across  the  country  UTC  increases  through  time  as  tree  cover
matured  in  newly  developed  urban  areas.  These  two  assessments  provide  a time  series  of  urban  trees  for
22  year  time  period,  which  will  be useful  for further  studies  and analysis.
Crown Copyright  ©  2016  Published  by Elsevier  GmbH.  This  is an  open  access  article  under  the CC. Introduction
National scale assessments of urban trees provide an overall
icture of urban tree status and are needed to estimate of the
cosystem goods and services provided by urban trees, they can
lay a critical role in the development and implementation of
anagement programs and strategies for these valuable urban
esources. Assessments have been made to estimate the national
ree canopy coverage and carbon and air pollutant removals for the
.S.A. and Canada (Nowak et al., 2006, 2013; Pasher et al., 2014).
hile these estimates are useful they often only provide urban tree
tatus for a single period in time making it difﬁcult to determine
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E-mail addresses: mark.mcgovern@canada.ca (M.  McGovern),
on.pasher@canada.ca (J. Pasher).
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618-8667/Crown Copyright © 2016 Published by Elsevier GmbH. This is an open access
c-nd/4.0/).BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
changes and trends through time. Estimates made with compara-
ble methodologies for additional time periods could provide value
as indicators of overall changes in urban tree cover condition and
the services provided by these trees.
A variety of factors and disturbances both anthropogenic and
environmental in nature can result in negative and positive impacts
on urban trees. Severe weather-snow, ice, wind and rain storms,
insect infestations, disease and natural mortality can lead to tree
and canopy loss (Sisinni et al., 1995; Beaudet et al., 2007; City of
Kelowna, 2007). In addition arboricultural practices and indirect
anthropogenic impacts such heat, air pollution and moisture stress
can negatively affect tree growth and survival and result in reduce
tree canopy area (Cregg and Dix, 2001; Nowak et al., 2006). New
plantings, proper pruning and the nurturing of existing trees are
all management tools which can improve tree stocks and result
in an increase the tree canopy cover in urban areas. Newly devel-
oped urban areas often have a lower stock of trees as a result of
 article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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and development disturbance activities such as construction of
ew roads, water, sewer, communication and electrical services
nd building site activities, also urban development often occurs on
ands with a previous low tree cover particularly agricultural land.
ree planting activity and the growth of existing trees in these new
rban areas can over time offset losses in other areas and help to
aintain or increase the overall proportion of canopy cover in a
articular city.
UTC is often deﬁned as “the layer of leaves, branches and
tems of trees that cover the ground when viewed from above”
Watershed Forestry Resource Guide USDA, 2008), and is often used
hen discussing the area of urban trees viewed in remotely sensed
magery or other earth observation data.
In an effort to help improve our current understanding of the
cosystem goods and services provided by urban trees and changes
n urban tree status this research was undertaken with the follow-
ng objectives: (i) development of an estimate of Canada’s urban
ree canopy for 1990; (ii) based on the 1990 UTC estimates develop
stimates of the associated carbon stored and CO2 removed by
hese trees in urban areas.
. Materials and methods
.1. Study area
The spatial framework used for UTC sampling, estimation and
he resulting estimates and reporting of the carbon storage and
equestration were the same as that used for Canada’s annual
reenhouse gas (GHG) reporting (Environment Canada, 2016). This
patial framework is made up of sixty reconciliation units (RU),
he RU represent the scale at which many of the GHG estimates for
and use, land-use change and forestry (LULUCF) activities are made
or United Nations Framework Convention for Climate Change
UNFCCC) reporting by Canada. The RU spatial layer was developed
y intersecting the national ecozones of Canada and the provin-
ial/territorial administrative boundary layers. UTC sampling and
stimates were made at the RU scale to broadly capture provin-
ial and regional variation while providing consistent national scale
stimates suitable for GHG reporting under the UNFCCC reporting
equirements. While Canada has an extensive land mass the pop-
lation density is low with urban areas occurring in only 18 of the
0 RU in the southern regions of the country. Pasher et al. (2014)
rovides ﬁgures and further details on the areas sampled, sampling
ramework and the RU areas reported for.
To conduct sampling and estimation a high quality detailed spa-
ial layer providing the boundaries of urban areas was needed. For
he 2012 UTC estimation work the Statistics Canada vector ﬁle
2011 Population Centres’ (Statistics Canada, 2011) provided the
est quality and nationally consistent delineation of urban areas.
n total 947 population centres (cities, towns, villages) were iden-
iﬁed and delineated by the SC for 2011 on a basis of population,
welling and workplace density and urban non-urban boundaries
ere determined using a variety of geographic data sets. From an
nitial set of 947 population centres a subset of 86 were selected on
 basis of the population class (class 3 or 4 having a total population
30,000 individuals). This subset was then used to represent pop-
lation centres with sufﬁcient urban area to be representative of
anada’s urban regions. Centres which did not fall into this subset
ere small communities having a small urban footprint composed
f a mix  of non-urban land uses mainly agriculture and forestry
hich are included in other national land use and GHG assessmentsEnvironment Canada, 2016).
Determining equally representative urban boundaries for 1990
resented more of a challenge. A similar Statistics Canada prod-
ct for 1991 (Statistics Canada, 1992) was available and was usedUrban Greening 20 (2016) 227–232
but some editing was required to reduce known (Statistics Canada,
2010) over-bounding errors. These over-bounding errors occurred
when large non-urban land areas were included in urban footprint
due to the use of municipal administrative boundaries in devel-
oping the original 1991 product. The manual editing to 1991 SC
layer was based on 1990 air photos and where no air photos were
available the built-up land cover class from a 1990 Landsat manu-
ally interpreted satellite products was  used (Koeln et al., 1999) to
provide an improved representation of the urban built-up areas.
2.2. Point sampling
Pasher et al. (2014) provides a detailed description of the devel-
opment of the point sampling system used to develop the 2012
UTC estimates, the same point sampling approach was employed
to develop 1990 UTC estimates. The sample points used for the 2012
point sampling were re-sampled for the 1990 time period UTC esti-
mates with the exception of points which fell outside of the 1990
urban areas or points for which no 1990 air photos were available.
The objective was  to estimate UTC at the RU scale to provide a
nationally representative estimate.
In total 83% of the points used for the 2012 UTC estimates
(178,709 from the original 215,863 points sampled in 2012) were
sampled to provide 1990 UTC estimates. This group of points fell
within 69 of the 86 urban centres used for the 2012 assessment and
represented 79% of the total population and 62% of the total area
for all of the 947 population centres identiﬁed by SC for 1991. The
1990 1 km by 1 km sampling grid cells covered 23% of the 1990 total
urban boundary area this was very close to sampling cell coverage
used for to the 25% cell coverage used for the 2012 sampling.
2.3. Photo interpretation
The 2012 sample point interpretation was made using high res-
olution color air photos data, while sample point interpretations
for the 1990 time period using greyscale air photos. Acquisition
dates for the 1990 air photos was  generally within 2 years of 1990
(1988–1992), with the majority of photos during “leaf-on” con-
ditions. The photo scales ranged from 1:40 000 to 1:5 000. The
1990 photos were georeferenced using recent high resolution Bing
imagery (Microsoft Corporation, 2011) with manually collected
ground control points used with an afﬁne polynomial algorithm
for image rectiﬁcation (Lillesand et al., 2004). In total almost 1 000
photos were processed and used for the 1990 UTC sampling activity.
Each sampling point was interpreted by trained interpreters in a
similar manner as the 2012 sampling. Sample point locations were
classiﬁed into one of the following classes; agriculture, building,
grass, other impermeable surface, shrub, tree canopy (coniferous,
deciduous or unsure) or water. Interpreters also noted if no imagery
was available or imagery was  not interpretable due to clouds or
haze or other issues. Quality control checks were carried out by
having more than one interpreter interpret subsets of the same
points as well as having the same interpreter reinterpret a random
selection points to ensure consistent interpretation and maintain
accurate interpretation.
2.4. Estimation of UTC and error calculation
Percentage tree coverage was calculated by dividing the total
number of points interpreted as tree crown in a RU by the total
number of points interpreted. If the point could not be classiﬁed
due to lack of imagery, clouds or haze they were excluded from the
UTC percentage calculation. This percentage value was  then used
as an estimate for all urban areas within each RU. Standard error
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or the UTC estimate was  calculated per RU using Eq. (1) (Lindgren
nd McElrath, 1969).
.E. =
√
p (1 − p)/n (1)
here:p = Fraction of points within an reconciliation unit which
ere classiﬁed as trees.n = Total number of interpretable sample
oints within a reconciliation unit.
.5. Estimation of carbon stock and carbon dioxide sequestration
To calculate the estimated carbon stock for each RU, the percent
TC was multiplied by the total urban area for each time period
n a RU basis, which provided a total area of crown cover for all
rban trees within the particular RU. The approach provided in the
PCC (2006) guidelines Chapter 8, Eq. (2) was followed to develop
U carbon stock estimates based on the UTC estimate for each time
eriod.
CG = AT × CRW (2)
here:CG = annual carbon accumulation attributed to biomass
ncrement in urban area (Settlements Remaining Settle-
ents), ton C yr−1AT = total crown cover area of urban trees,
aCRW = Crown cover area-based growth rate for urban trees,
onnes C (ha crown cover)−1 yr−1
A Canadian speciﬁc crown cover area-based growth rate (CRW)
alue based on ﬁeld data did not exist, a CRW value of 2.12
 C ha−1 yr−1 was used. This CRW value was calculated based on
nformation for the United States (2.77 t C ha−1 yr−1, Nowak et al.,
013) and adjusted for Canada’s shorter average growing season
ength (133 days) (D. Nowak, pers. comm,  2013). This value was
sed, instead of the current IPCC default sequestration coefﬁcient
f 2.9 t C ha−1 yr−1 for the per hectare estimate of for gross carbon
equestration rate, which was based on earlier work by Nowak and
rane (2002).
Gross sequestration was calculated using this CRW value, while
et carbon sequestration, which takes into account carbon emis-
ions from tree decomposition, was estimated as 74% of the gross
equestration amount, (Nowak et al., 2013). To derive the amount
f carbon stored in the urban forests, a value 76.9 t C ha−1was  used,
hich was derived again by using United States datasets (Nowak
t al., 2013), but assumed to be consistent for Canadian cities. The
er hectare storage value was then multiplied by the total crown
over per RU to determine total carbon stored in each RU assessed.
arbon storage and sequestrations were converted to values in CO2
y applying the ratio 44/12 which is based on the atomic weight
atio of CO2 molecules (IPCC—Vol. 4, 2006 Chapter 2).
The total overall standard error in carbon storage and seques-
ration rates was estimated using an error propagation approach
onsidering the uncertainty associated with the sampling approach
o estimate UTC, the urban boundary delineation and the uncer-
ainty associated with carbon storage and sequestration factors
etails provided in Pasher et al. (2014).
. Results
.1. Canada-wide carbon stock and carbon sequestration for
rban forests
Based on the urban area boundary layers for 1990 and 2012
he total national urban area grew almost 6% between the two
ime periods, with the majority of this growth seen in the Ontario
ixedwoods and the British Columbia Paciﬁc maritime regions.
The national scale UTC estimate varied below 2% between 1990
27.6%) and 2012 (26.1%) these estimates fall within the standard
rror. At the individual RU scale UTC values for the two  dates wereUrban Greening 20 (2016) 227–232 229
generally close and fell within the error for the estimates. RU that
was an exception was  those for the semi-arid and subhumid prairie
regions of Alberta, Saskatchewan and Manitoba where UTC was
seen to increase through time.
Table 1 provides a summary of crown cover estimates and
related carbon removals, storage and the resulting CO2 seques-
tration for 1990 time period, this table is similar to that found in
Pasher et al. (2014) for the 2012 time period. Fig. 1 provides a bar
graph summarizing of the estimated carbon sequestration by urban
trees for both the 1990 and 2012 time periods on a RU basis. The
notable contribution of the Ontario-Quebec mixedwood and British
Columbia Paciﬁc maritime regions can be easily seen as the RU are
sorted on a basis of carbon sequestration contribution. These three
RU have approximately two  thirds of the total national urban areas
and close to 70% of the total canopy cover which results 70% of the
national carbon sequestration occurring in those three RU.
Urban trees in Canada stored an estimated 32,360 kt C
(S.E. = ±6800 kt C) in 1990 which is slightly less than that the 32,491
(S.E. = ±6823 kt C) estimated for 2012. In terms of the net seques-
tration which takes into account tree decomposition an estimated
660 kt C (S.E. = ±138 kt C yr−1) and 693 kt C (S.E. = ±139 kt C yr−1)
were removed in 1990 and 2012 respectively. The difference of
these national scale estimates for 1990 and 2012 fell within the
estimated uncertainty range for either estimation date.
Within individual urban regions it was observed that UTC
increased and decreased for a variety of reasons. In some cases
areas with extensive tree cover in an urban area were removed
to allow for new development activity, or forested areas bordering
on urban areas were removed as a result of urban expansion. In
contrast to the tree cover losses were areas of new development
established in 1990 which over the subsequent two  decade time
span had new trees planted or existing trees grow to result in an
increase in canopy cover. Areas of extensive open agriculture hav-
ing signiﬁcant tree growth after land use conversion to suburban
areas. Fig. 2 provides some examples of loss and gain of tree canopy
cover; areas of tree loss can be seen (a & b) as the result of the con-
version of forested stands to residential areas. The conversion of
agricultural areas to urban areas as well as land-use change (Fig.
2(c & d)) resulted in the development of yard and street canopy
through time.
4. Discussion
At the National scale estimates of UTC and carbon sequestration
varied only slightly between the two time periods, falling within
the range of uncertainty for estimates. This would be expected as
the sampling approach was replicated as closely as possible and
the overall growth of urban area was  approximately to 6% for the
twenty two  year time period. The minor reduction in the overall
national UTC between 1990 and 2012 was generally balanced by
the expansion of urban area and growth of trees in these new urban
areas which resulted in a greater overall total urban tree canopy
cover.
The estimated 6% increase in urban area between the two time
periods is signiﬁcantly lower than that estimated by Statistics
Canada for the shorter time period of 2000–2011 with an estimated
growth of 7.6% (Statistics Canada, 2013). Part of the discrepancy
could be a result of the lower resolution land cover product used
(250 m × 250 m)  by SC to estimate change in urban area for 2000
and 2011 and also the approach used which compare land cover
classiﬁcations for to time periods, this approach has been found to
produce lower accuracy change results (Singh, 1981). This SC analy-
sis however does indicate that the estimated for urban growth used
for this analysis may  potentially be too low this may be related to
the overall quality of the urban boundary layers used for both dates.
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Table 1
Estimated percent urban tree canopy, carbon storage and gross and net annual carbon sequestration by reconciliation unit (RU) for 1990 for Canada’s urban areas.
Reconciliation Unit
(from West to East
across Canada)
1990 Urban
area (km2)a
UTC
(%)
Standard
Error (%)
Crown
Cover
(km2)
Carbon
Storage
(kt C)
Gross Carbon
Sequestration
(kt C yr−1)
Net Carbon
Sequestrationb
(kt C yr−1)
Net CO2
Sequestration
(kt CO2 yr−1)
BC Paciﬁc Maritime 1960 41.6 0.61 815.1 6268 172.8 127.9 468.9
BC  Montane Cordillera 332 19.9 1.6 106.1 816 22.5 16.6 61.0
AB  Boreal Plains 110 33.4 2.4 36.9 284 7.8 5.8 21.2
AB  Semiarid Prairies 255 5.0 1.1 12.6 97 2.7 2.0 7.3
AB  Subhumid Prairies 1616 10.2 0.4 164.8 1268 34.9 25.9 94.8
SK  Boreal Plains 69 36.0 3.1 25.0 192 5.3 3.9 14.4
SK  Semiarid Prairies 320 8.3 1.4 26.6 204 5.6 4.2 15.3
MB  Subhumid Prairies 487 12.5 0.8 61.1 469 12.9 9.6 35.1
ON  Boreal Shield West 183 26.6 3.2 48.7 375 10.3 7.6 28.0
ON  Mixedwood Plains 4940 25.6 0.3 1264.2 9722 268.0 198.3 727.2
ON  Boreal Shield East 564 30.8 2.5 173.6 1335 36.8 27.2 99.8
QC  Boreal Shield East 133 35.6 2.3 47.3 363 10.0 7.4 27.2
QC  Mixedwood Plains 3240 26.7 0.5 865.7 6657 183.5 135.8 498.0
QC  Atlantic Maritime 186 33.0 3.6 61.5 473 13.0 9.6 35.4
NB  Atlantic Maritime 437 49.8 1.3 217.7 1674 46.1 34.1 125.2
NS  Atlantic Maritime 317 56.4 1.4 178.7 1374 37.9 28.0 102.8
PE  Atlantic Maritime 55 21.4 2.7 11.7 90 2.5 1.8 6.7
NF  Boreal Shield East 188 48.3 4.1 90.8 699 19.3 14.3 52.3
Total  Canadac 15,392.6 27.6d 0.21 4208 32,359.9 892.1 660.2 2420.6
a Population classes 3 and 4 (>30,000 people per population centre).
b Net carbon sequestration estimated as 74% of gross sequestration (Nowak et al., 2013).
c Using the ratio of the atomic mass of a CO2 molecule to the atomic mass of a carbon atom (44:12) (USEPA, 2004).
d Calculated using total estimated crown cover as a percentage of total urban area analyzed, not average of UTC values for reconciliation units.
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The carbon sequestered by Canada’s urban trees made up just
ess than 3% of the estimated total carbon sequestration in Canada’s
and Use and Land-Use Change and Forestry (LULUCF) sector for
990 and for 2012 by just over 4% (Environment Canada, 2014).
reviously to 2015 Canada used an alternative method to estimate
arbon removal by urban trees for national GHG for annual sub-
issions under UNFCC reporting. This earlier approach employed
 model which assumed a constant tree population (stocking rate)
nd biomass accumulation rate for trees in all urban areas inn Canada estimated on a Reconciliation Unit basis.
Canada. Changes in estimated carbon sequestration were driven
a by growth urban area which was assumed to increase in a linear
manner for the period 1997–2011. The linear expansion assump-
tion was based on a data Statistics Canada study looking at the loss
of agricultural land (Statistics Canada, 1997); this study provided
the initial urban area values and growth coefﬁcients. Using this
model Environment Canada estimated a total CO2 sequestration
by urban trees in Canada of 0.15 Mt  CO2 for 1990 and just under
0.2 Mt  CO2 for 2012 (Environment Canada, 2014). These estimates
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Fig. 2. Observed changes in urban tree populations between 1990 (ﬁgures a & c) and 2012
(a  & b) can be see as well as land-use change (c & d), with new urban areas developing y
(For  interpretation of the references to colour in this ﬁgure legend, the reader is referred 
Table 2
Comparison of independent city estimates of percent urban tree canopy (UTC) cover
to  point based national sampling estimates.
City Point Based UTC
Estimatea (%)
Local Municipal
Estimate UTC%
Year of
Estimate
Vancouver 17.5 18.6 2010
Kelowna 12.2 13 2007
Calgary 9.3 7.1 2007
Edmonton 13.4 10.3 2007
City of Toronto 20.1 20.5 2007
Mississauga 16.1 15 2011
Brampton 8.9 11 2007
Oakville 22.8 29.1 2007
Ottawa 22.8 27 2007
Halifax 51.8 41 2007
m
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i
health, stand condition and potential carbon removal capabilitiesa Regional estimate of UTC extracted from national point sampling estimate using
unicipal boundaries.
re approximately 1/10 of the estimate derived using UTC esti-
ates and a CRW approach. This previous approach was  found to
reatly under estimate the urban tree population when compared
o sampling based estimates (Pasher et al., 2014) and as well under
stimate the carbon sequestration rate as compared to the CRW
pproach provided in the IPCC guidelines.
A few of Canadian urban centres have developed UTC estimates
ased a variety of approaches including ground based surveys and
erial photo analysis of the UTC. Table 2 is the result of efforts to
ollect and collate these UTC estimates to help validate the national
cale estimates developed in this current work. It was  found that
or many cities the RU point sampling estimates were very close
o those published with differences in estimates explained to some
xtent by the differences in the date of estimates and differences
n the boundary extent of the city’s boundaries. Discrepancies
etween UTC estimates of this study and those made by munici-
alities may  be the result of differences methods used, differences
n urban and administrative boundary extents and dates of estima- (ﬁgures b & d). Sampling point locations are indicated by red x’s. Areas of tree loss
ard and street tree canopy through time (imagery courtesy of the City of Ottawa).
to the web version of this article.)
tion. Unfortunately there are no UTC estimates for Canadian cities
in 1990 to enable further comparisons for that time period.
There are very few countries doing national scale assessments
of UTC and the associated carbon removals for comparison pur-
poses but the United States uses a similar UTC  based approach for
estimating the carbon removals by urban trees for its annual green-
house gas inventory (Inventory of U.S. Greenhouse Gas Emissions
and Sinks 1990–2011; USEPA, 2013), for the proportion of urban
tree carbon sequestration on a basis of the total LULUCF sector
is in the range of 10% for 1990, 12% for 2012. Although consid-
erably higher than Canadian estimates they are somewhat similar
if one accounts for the higher proportion of urban land to total land
occurring in the United States.
The observed increase in urban tree cover observed in the semi-
arid and sub-humid prairie regions may  reﬂect efforts by home
owners and municipalities to establish and maintain trees in areas
where they did not previously occur when under agricultural and
natural grassland conditions.
5. Conclusions
The objectives of this research were achieved in that; (i) esti-
mates of Canada’s UTC for 1990 have been developed; (ii) using the
1990 UTC estimates the carbon stored and CO2 removals were esti-
mated at the RU scale. As a result of this work a suitable time series
and data set has been developed for use in Canada’s annual national
GHG inventory reporting activities under the UNFCCC reporting
system.
While this exercise was successful it does not preclude the need
for improvement of our understanding of the conditions, manage-
ment practices and resulting impacts of these factors on urban treeof these trees. Reﬁnements in the delineation of urban areas for
both dates but particularly the 1990 period would help improve
the overall uncertainty of estimates related to both sampling and
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brochure.pdf (accessed March 2013).
United States Environmental Protection Agency (US-EPA), 2013. Inventories of U.S.
Greenhouse Gas Emissions and Sinks: 1990–2011. EPA Report 430-R-12-001,
http://unfccc.int/national reports/annex i ghg inventories/national
inventories submissions/items/6598.php (accessed 05.13).32 M. McGovern, J. Pasher / Urban Fores
caling. This study did not take into consideration the emissions
nd resulting reduction in sequestration rate for lands which are
onverted to urban from other land categories with higher stored
arbon and sequestration rates notably forest land and wetlands.
uture work to assess the impact of land use change impacts of
hese practices should be considered.
Although urban trees play an important role in terms of carbon
emoval and storage it should be stressed that they play many other
aluable roles and provide many services to those living in urban
reas. Easy to use, accurate and repeatable UTC assessment tools
uch as those used in this work can aid in providing information
seful in assessing the ecological services urban trees provide.
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